REMARKS 

Claims 16 and 18-32 and 38-41 are active in this application. The claims have been 
amended for clarity. No new matter is added 

Applicants wish to thank Examiner Mertz for the helpful comments in the Office 
Action to address the rejections. 

The essential inquiry pertaining to the requirement under 35 U.S.C. § 1 12, second 
paragraph is whether the claims set out and circumscribe a particular subject matter with a 
reasonable degree of clarity and particularity. Definiteness of claim language must be 
analyzed, not in a vacuum, but in light of: 

(A) The content of the particular application disclosure; 

(B) The teachings of the prior art; and 

(C) The claim interpretation that would be given by one possessing the ordinary level of 
skill in the pertinent art at the time the invention was made. See MPEP § 2173.02 

To the phrase "which exhibits IL-2R /3-chain binding activity and/or lymphocyte 
stimulatory activity" this phrase is definite for the following reasons. 

The specification describes that there are certain peptides, i.e., those which show at 
least 75% identity to SEQ ID NO:6 that exhibit specific binding to IL-2R /3-chain and not 
"any peptide" as asserted by the Examiner. The specific binding to IL-2R /3-chain is clearly 
described in the specification, for example, Applicants direct the Examiner's attention to 
Examples 7 and 9. 

In Example 7, the publication Moreau et al (Mol. Immunol, 1995, 32, 1415, 1047- 
1056) is cited. A copy of this publication is attached for reference. This publication clearly 
shows what the specific binding to the IL-2R /3 chain (see page 1049, left column of Moreau ). 
This is also described in Example 9 of the present application. 

As one basis for this rejection, the Examiner has taken the position that "it is expected 
that the binding of the peptide to the IL-2R /3-chain would result in stimulation of 
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lymphocytes." However, it appears that the Examiner has misunderstood the relationship 

between binding activity and proliferation activity as they can be separate or the proliferation 

activity may be also obtained after binding, which is described in the specification. 

Applicants again refer the Examiner's attention to the Moreau publication, which on 

pages 1050 and 1051, col. 1 states: 

mAB 19B1 1/(3 specifically inhibits the binding of human IL-2 
to human IL-2Rj8 while 16F1 1 /a inhibits the binding to human 
IL-2R cl . . 

the proliferation of TS1/3 was very sensitive to the effect of 
mAB 19B1 1/jS (figure 3). This inhibition is probably related to 
the inhibition of IL-2 binding. However, at 100-fold higher 
concentrations, mAB 16F1 1/orand 3H9 also affect the 
proliferation of TS1/3. This effect may be related to an 
inhibition of internalization of the complexes formed by IL-2 
and IgG molecules ." (emphasis added). 

In view of the above, the specification clearly describes that the specific binding 
activity and the proliferation activity (e.g., CD3, CD8, and NK cells-see page 19 of the 
present specification) can be dissociated. The fact that the two activities can be dissociated 
provides on one hand the ability to detect IL-2R in a cell, for example, as described on page 
32 and 33 and on the other hand may also stimulate lymphocytes. 

The binding activity apart from the lymphocyte stimulatory activity is also described 
in the attached Morris et al publication (Ann. Rheum. Dis., 2000, 59(SI), il09-il 14). Morris et 
al describes peptide binding to IL2ro which in turn can be used to treat graft versus host 
disease (see page il 1 1, 2 nd column). 

Thus, the phrase "which exhibits IL-2R /3-chain binding activity and/or lymphocyte 
stimulatory activity" is definite in view of the present specification, the knowledge in the art; 
and based on the claim interpretation that would be given by one in the art. 

The remaining issues raised by the Examiner have been addressed by amendment. 
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In view of the above, withdrawal of the rejection under 35 U.S.C. § 1 12, second 
paragraph is requested. 

Applicants request that this case be passed to issuance. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 

Norman F. Obion 
Attorney of Record 
Registration No. 24,618 



Daniel J. Pereira, Ph.D. 
Registration No. 45,518 



Customer Number 

22850 
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Abstract— An anti-human IL-2 mAb ( I9BI I//?) was found to selectively block the binding of IL-2 to 
TSI/i cells expressing the interleukin-2 receptor p (IL-2R0) without affecting binding to TSla cells 
expressing the IL-2R* receptor. It also specifically inhibits the IL-2 driven cell proliferation in TS\p 
cells. These observations have lead to the hypothesis that its epitope is related to an IL-2 area involved 
in binding with IL-2R/? chain. This epitope was identified using various peptides covering the N- 
terminal half (including x helix A) of the 133 amino acids of IL-2, MAb 19B1 1/0 does not recognize 
peptides 30-54 and 44-54 but recognizes peptides 1-22 and 1-30 with a good affinity. Furthermore, 
threonine in position no. 3 was found to be critical for the binding of mAb I9B1 \/p. A relationship 
between the epitope of mAb 19B1 1/0 and the glycosylation of the IL-2 molecule was observed. This 
further demonstrates that the NH : terminal area of IL-2 is critical for IL-2/IL-2R0 interactions. Two 
other mAbs were studied during the course of this work. They served as control for the study of mAb 
I9B11 ({ and provide some additional insight concerning the question of IL-2/IL-2R structure- 
function. MAb I6FI1 * selectively blocks the IL-2 binding to TSI* cells. The epitope of mAb 
I6F1 1 is conformational and it was not possible to study the corresponding IL-2IL-2R* region of 
interaction. Epitope of mAb 3H9 is localized between residues 30 and 54 and does not affect the 
binding of IL-2 to IL-2R*. 

Key words: IL-2. IL-2 receptor. anti-IL-2 mAb. 



INTRODUCTION 

Interleukin-2 (IL-2) is a 1 33 aa polypeptide of 1 5-1 8 kDa 
depending on e degree of glycosylation (Bazan, 1992; 
Robb <?#«/., 1984; Smith, 1 988: Taniguchi et aL 1983). It 
is secreted by activated T cells and despite the increasing 
number of cytokines able to promote T cell proliferation 
(IL-4, IL-7, IL.9. IL-6, TNFa etc.). IL-2 remains the main 
T cell growth factor. IL-2 also modulates the activation, 
proliferation and differentiation of other cells in the 
immune system including NK-ceIIs ; B cells and mono- 
cytes (Smith, 1988). 

The effects of IL-2 on these various cells are mediated 
through specific cell surface receptors (IL-2R) (Minami 
et al., 1993: Taniguchi and Minami. 1993). Over the past 
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Abbreviations: aa. amino acid. IL-2. interleukin-2. IL-2R. inter- 
leukin-2 receptor. K ti . dissociation constant, mAb. mono- 
clonal untibodv. 



few years, our understanding of the IL-2R complex has 
increased substantially. It is now known that the IL-2R 
comprises at least three subunits encoded by different 
genes. These subunits can be expressed individually or in 
various combinations resulting in receptors that bind IL- 
2 with markedly different affinity. The first IL-2R com- 
ponent to be identified, IL-2R*. is a 55-kDa protein that 
binds IL-2 with a K t , of - 10 nM (Leonard et aL. 1984; 
Uchiyama et aL. 1981). The immunochemistry of IL-2R* 
(Kumar et aL 1987; Malek et aL, 1983; Moreau et aL. 
1987) and the role of IL-2 on IL-2R* gene expression 
have been studied ( Froussard et aL. 1 99 1 ; Jankovic et aL. 
1989). The second IL-2R component, IL-2R/?. is a 75- 
kDa protein with a large intracytoplasmic domain (286 
aa) that plays an important role in receptor-mediated 
signaling (Hatakeyama et aL 1989: Teshigawara et aL. 
1987; Tsudo et aL. 1989). The third component recently 
identified. IL-2R, is a 64-kDa protein (Ishii et aL. 1994: 
Takeshita et aL. 1992). IL-2R/* and IL-2R;- alone have 
a very low affinity for IL-2. However, when expressed 
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together, these two chains form an intermediate affinity 
receptor with a K tl of - 1 nM. Expression of the three 
receptors is required to form a high affinity IL-2R (K (l 
- 10 pM). IL-2Ra does not exhibit homology with the 
cytokine receptor family while IL2R/? and -y belong to 
that family. The IL-2R/? chain is also part of the IL-15R 
complex. The IL-2Ry is common to IL-4R, IL-7R, IL- 
9Rand IL-1 5R (Theze, 1994). Heterodimerization oflL- 
2R/? and IL-2R-/ is required for signal transduction. The 
dimer binds tyrosine kinase JAK1 and JAK3 and this 
represents the primary event during the IL-2-mediated T 
cell activation (Nakamura et aL, 1994). 

Numerous studies employing mutagenesis have been 
performed to probe IL-2/IL-2 receptors interactions. In 
the mouse system this has led to the identification of two 
critical sites for IL-2 binding to IL-2R0 and IL-2Ry. 
While aspartic acid in position 34 is essential for the 
binding to IL-2R/?, glutamine in position 141 is involved 
in binding to IL-2Ry. Nineteen amino acids are important 
for IL-2 binding to IL-2R* (Zurawski et aL, 1993; Zur- 
awski and Zurawski. 1992). Much less is known about 
human IL-2 receptor binding. In one study a single 
mutation near the N-terminus of IL-2 (Asp 20) was 
reported to specifically perturb the interaction between 
IL-2 and IL-2R of intermediate affinity (Collins et aL, 
1988: Flemming et aL, 1993: Ju et aL, 1987). 

We have previously characterized a family of eight 
monoclonal antibodies (mAbs) able to affect differ- 
entially the binding of human IL-2 to either the a chain 
or the /?;• complex (Rebollo et aL, 1992). In the present 
study we have analysed in more detail the properties of 
mAb 19BI I//? able to specifically inhibit the binding of 
IL-2 to IL-2R/?. We also report on the properties of mAb 
I6FI l a —inhibiting the binding of IL-2 to IL-2Rst — 
and some characteristics of mAb 3H9 that do not affect 
the binding of IL-2 to any of the IL-2Rs. These results 
extend our previous results and demonstrate that, in 
agreement with data from mutagenesis experiments, the 
NH : terminal part of human IL-2 is critical for binding 
to IL-2R/?. 



MATERIALS AND METHODS 

Reagents and antibodies 

Human non-glycosylated rIL-2 was a generous gift of 
Roussel Uclaf (Romainville, France). Human gly- 
cosylated rIL-2 produced in Chinese hamster ovary 
(CHO) cells was kindly provided by Dr Ferrara (Sanofi, 
Castanet-Tolosan, France). 

Supernatant from Hela subline (H28) transfected with 
the plasmid pKCRIL-4 was kindly provided by Dr T. 
Honjo (Kyoto University. Japan) and was used as a 
source of murine rIL-4 (Severinson et aL. 1987). 

The soluble /? chain has been produced from RNAs 
extracted from YT-2C2 cells. After extraction. cDNAs 
has been obtained by treatment with a DNA polymerase. 
Two oligonucleotides, one of them specific for the domain 
near the initiation site, the other one specific for the 



sequence near the sequence coding for transmembrane 
domain, have been constructed and used to amplify the 
cDNA fragment coding for the extracellular domain of 
the /? chain. Then, this fragment was inserted into an 
expression vector, pKCR6 (Matrisian et aL, 1986), to 
realise a stable transfection into CHO cells. Secreted 
product was purified using an immunoaffinity column 
with a monoclonal anti-/? chain (CFI). 

Mouse monoclonal antibodies I9BII/0 (IgGl), 
16F1 I/a (IgG2a) and 3H9 (IgGI) were produced as pre- 
viously described (Rebollo et aL, 1992). Briefly, female 
BALB/c mice were repeatedly immunized with 5 ug of 
human non-glycosylated rIL-2. Splenocytes were fused 
with NS0 myeloma cell line. After fusion, screening for 
anti-IL-2 activity was carried out by immuno- 
precipitation in liquid phase. After cloning, the reactivity 
of anti-IL-2 mAbs was tested by ELISA. Isotypes of anti- 
11-2 mAb were determined using the kit supplied by 
Miles Scientific (Naperville, IL). Rat monoclonal 11311 
(IgG, k), specific for murine IL-4, was provided by Dr 
W. Paul (National Institute of Health, Bethesda, MD). 
Goat anti-mouse polyvalent immunoglobulin alkaline 
phosphatase conjugate was from Sigma (St. Louis, MO). 

Mouse polyclonal anti-human IL-2 antibodies were 
prepared in the laboratory. BALB/c animals were immu- 
nized by repeated injection of 50 u% of IL-2 in CFA and 
were regularly bled. A pool from 10 animals was used for 
purification. 

MAbs and polyclonal antibodies were purified in two 
steps: ammoniac sulfate precipitation was followed by 
chromatofocusing as described by the supplier (Phar- 
macia, France). 



Cell lines and culture media 

TSI cells were maintained in complete medium sup- 
plemented with supernatant of recombinant baculovims 
expressing murine IL-9 proteins (DIB 349) (Uyttenhove 
etaL, 1988). 

TSly?celIs were obtained after transfection of TSI cells 
with human p70 IL-2R CDNA cloned in the pdKCR 
expression vector kindly provided by Dr T. Taniguchi 
(Institute for Molecular and Cellular Biology, Osaka 
University. Osaka, Japan). TSI a)? cells were obtained 
after transfection of TSI/? cells with human p55 IL-2R 
cDNA cloned in pCMV4 expression vector kindly given 
by Drs W.A. Kuziel and W.C Greene (Gladstone Insti- 
tute Virol. Immunol., San Francisco, CA). TSI/? and 
TSI a/? were previously characterized (Pitton et aL, 1993) 
and TSI/? and TSI a/? cell lines were grown as TSI cells 
in complete medium supplemented with IL-9. 

YT cells were generous gift from Dr. J. Yodoi' (Kyoto 
University. Kyoto. Japan) and were maintained in com- 
plete medium (Yodoi et aL. 1985). 

All cultures were performed in complete medium com- 
posed of RPMI 1640 (BioProducts. Walkerville, MD). 
10% heat inactivated FCS (Serovial. Vogelgsun. France). 
2 mM glutamine, 100 units ml penicillinJ00/<g ml strep- 
tomycin and 50 mM 2-/?-mercaptoethanoI <2/?-ME). 



Inhibition of [L-2/IL-2 receptor /f by mAb 
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Proliferation assay 

Cells were cultured (10 4 cells/well) in 96-wells plat- 
bottomed microliter plates in a final volume of 0.2 ml. 
Different concentrations of human rIL-2 and mouse rlL- 

4 were tested. 

Concentrations giving about half maximal pro- 
liferation were used for inhibition experiments. The same 
concentrations were used for TSla/? and TS1/? (rIL-2, 
ng/ml; IL-4, 12.5 U/ml). Serial dilution of anti-IL-2 or 
anti-IL4 mAb antibodies were mixed in the culture wells 
with the respective lymphokines 30 min before adding 
the cells. 

Cultures were pulsed with 0.5 /iCi/well of ( J H) TdR 
after 36 hr of incubation and harvested 15 hr later. 

IL-2 binding assay and inhibition 

The IL-2 binding assay was performed as follows. 
Serial dilutions of l25 I-Iabelled IL-2 were incubated with 

5 x 10 5 cells in RPMI 1 640 medium containing 10 mg/ml 
BSA, 25 mM Hepes and 0.2% sodium azide in a total 
volume of 100 fi\ for 30 min at 37"C. After incubation, 
cell-bound radioactivity was separated from free radio- 
activity by centrifuging the cells through a 200 ^1 layer of 
a mixture of 84% silicone oil (DC 550, Serva, Germany) 
and 16% paraffin oil (Neyol Laboratories, Fimouze, 
France) in 400 /il polyethylene tubes. The bottoms of the 
tubes containing the cell pellets were cut off and the 
radioactivity was measured. 

For inhibition experiments, 2.5 ng 125 I-IL-2 were used 
per well. Serial dilution of mAbs were preincubated with 
l25 I-IL-2 during 30 min before adding the cells. The same 
protocol was used to study the inhibitory capacity of 
soluble IL-2R/J 

ELISA, binding inhibition and affinity measurements 

ELISA was used to test the reactivity of anti-IL-2 mAb 
against rIL-2 and peptides. Wells were coated with a 
solution containing 1 /ig/ml of IL-2 or peptides in 
K : HP0 4 /KH : P0 4 , 0.05 M, pH 8 buffer. After overnight 
incubation at 4'C, wells were washed and saturated with 
bovine serum albumin (BSA). Several dilutions of pur- 
ified anti-IL-2 mAb (or purified polyclonal antibodies) 
were added for 1 hr at 37~C Wells were washed (PBS- 
Tween 20, 0.1 %) followed by the addition of an alkaline 
phosphatase anti-mouse Ig conjugate. After I hr at 37°C 
wells were washed and substrate (Sigma 104 phosphatase 
substrate) was added at I mg/ml. The O.D, (405 nm) was 
read in a spectrophotometer after I hr at 37°C. 

For the inhibition experiment, a concentration of 
mAbs giving half maximal binding was used (19B11//?, 
0.1 /ig/ml; I6FlI/a; 0.4 /jg/ml; 3H9, 0.1 ^g/ml). This 
solution was mixed during I hr at 37 : C with different 
concentrations of inhibitor before addition to the wells. 

Affinities (K, t ) were calculated according to Friguet et 
al. (1985). In some experiments. IL-2 was treated by 2p- 
ME, IL-2 (20 //g.ml) diluted in K : HP0 4 KH : P0 4 . 0.05 
M. pH 8 buffer was mixed with different concentrations 
(from 0.04 M to 5 M) of 2/i-ME during 1 hr at room 



temperature. This mixture (50 /il/wells) was directly used 
for coating the cells used for ELISA as described above. 

Peptide synthesis 

Peptides were synthesized by stepwise solid-phase 
method according to Boc/trifluoroacetic acid scheme 
(Merrifield, 1963), on a p-methylbenzhydrylamine resin 
(Applied Biosystems) in an Applied Biosystems 430A 
peptide synthesizer. Tri-functional amino acids were pro- 
tected as follows: Arg (tosyl). Asp (O-cyclohexyl ester), 
Glu (0-cyclohexyI ester), Lys (Nc-2-chlorobenzyl- 
carbonyl), Ser (benzyl ether), Thr (benzyl ether), His 
(dinitrophenyl), Met (sulfoxyde), Arg (tosyl), Tyr (2-bromo- 
benzyl). At the end of the synthesis the Boc group was 
removed and the N-terminal function was acetylated with 
acetic anhydride. Final deprotection and cleavage of the 
peptidyl resin was performed by treatment with hydrogen 
fluoride for 1 hr at 0°C in the presence of /?-cresol. For 
the peptides containing a methionine, this operation was 
preceded by treatment with HF DMS to remove the 
sulfoxyde group. The cleaved deprotected peptides were 
precipitated with cold diethylether, dissolved in 5% acetic 
acid and lyophilized. 

Crude peptides were purified by reverse-phase pre- 
parative HPLC. After purification, peptides were checked 
for identity by mass spectrometry and amino acid analy- 
sis after total hydrolysis. 

Pepscan 

The overlapping 10-mer peptides spanning the 133 
amino acids of the IL-2 sequence were prepared using 
Pepscan on polyethylene rods according to the procedure 
described by Geysen et aL (1984). At the end of the 
synthesis, the amino-terminal protecting group was 
removed and the peptides were acetylated using acetic 
anhydride. 

Binding of the mAb to the different decamers was 
performed as described in the ELISA section. 

RESULTS 

inhibition of binding of radiolabeled IL-2 by mAbs 

To assay the effects of mAb 19B1 l/P on IL-2 binding, 
two cell types were used. These two cell clones (TSla and 
TS1/0 were isolated from the same mouse T cell (TS1) 
after transfection either by human IL-2Ra gene or IL- 
2R0 gene. Since TSI cells spontaneously express only 
mouse IL-2Ry (y mu ) they do not bind radiolabeled IL-2. 
Therefore, the IL-2 binding observed with TSla and 
TS10 is strictly dependent on the presence of human IL- 
2Ra hu orlL-2R/? hu . 

MAb 19B1 \/ft specifically inhibits the IL-2 binding to 
TS\p while mAb 16F1 1 /a or 3H9 have no effect on this 
binding (Fig. 1). However, even at high concentrations 
of 19B1I/0, the inhibition was not complete. On TSla 
cells only mAb 16F1 l/a inhibit completely the binding. 
Surprisingly, with TSla cells mAb 19BM/0 and 3H9 
enhance the IL-2 binding in a narrow range of con- 
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Fig. 1. inhibition of IL-2 binding by mAb. The IL-2 binding 
assay was performed as described in Materials and Methods 
using TSla cells (IL-2Ra hu y mu ) or TS1/? cells (IL-2R/* huVmu ). The 
effect of serial dilutions of mAbs I9B1I/0 (-O-O-), I6FII/2 
(•□-□) and 3H9 (-A-A-) was assayed on the binding of 2.5 
ng of ,:i UL-2 to 5 x I0 5 cells. The binding obtained without 
inhibitor ( — Binding) was 1800 cpm and 21 000 cpm for TS\p 
and TSla cells, respectively. The results obtained in a rep- 
resentative experiment are shown. 
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Fig. 2. Inhibition of IL-2 binding by mAb and soluble IL-2R0. 
The I L-2 binding assay was performed as described in Materials 
and Methods and using TSla cells (IL-2Ra hu -/ mu ) or YT cells 
(IL-2R/? hu y mu ). (A) The effect of serial dilution of mAbs 1 9B11 p 
(-•-•-) and 16F1 l/x (-■-■-) was assayed on the bindine of 
2.5ngof ,23 I-IL-2to5 x 10 ; YT cells. (B) The effect of different 
concentrations of soluble IL-2R/? was assayed on the binding 
of 2.5 ng of ,:5 UL-2 to 5 x 10 ? TSla cells (-0-0-) or YT 
(-V-V-). The results obtained with the two cell lines and the 
two inhibitors are expressed as % of binding without inhibitor. 



centrations (Fig. 1). This effect could be attributed to a 
conformational change induced on IL-2 by mAb 16FI 1/ae 
and 3H9 that would enhance binding to the hybrid 3c hu y mu 
lL-2a. Alternative explanations are discussed below. 

One can conclude that mAb 1 9 B 1 1 //? specifically 
inhibits the binding of human IL-2 to human IL-2R/? 
while mAb 1 6Fi 1/a inhibits the bindine to human IL- 
2Ra. This is in keeping with our previous observations 
(Rebolloe/a/., 1992). 

Inhibition of binding of radiolabelled I L-2 bv soluble 
IL-2Rp 

The inhibitory capacity of mAb 19B1 1//? was verified 
on human YT cells which express spontaneously the 
human f$ and */ IL-2R but not the a receptors and thus 
resemble to TS 1 /? but the y receptor is from human origin. 
In these cells, the inhibitory capacity of mAb 19B11/0 
reaches 80% under the experimental conditions used. 
Under the same experimental conditions. mAb I6F1 1/a 
does not inhibit significantly the binding (Fig. 2). 

Using YT cells we have compared the effects of mAb 
1 9B1 1 //? with the effects of soluble IL-2R/J. As expected, 
soluble IL-2R/? does not inhibit the binding of radio- 
labelled IL-2 to TSIot cells but does partially inhibit the 
binding of radiolabelled IL-2 to YT cells (Fig. 2). 

MAb 19BI l//?has inhibitory properties comparable to 
IL-2R/? and therefore may bind to a similar region of the 
IL-2 molecule. 

Neutralization of I L-2 proliferation by mAb \9B\ 

TS\/i cell line was shown to proliferate in a dose- 
dependent manner in response to IL-2. This response is 
strictly independent on the expression of IL2Ra receptor 
(Pitton et al.. 1993). This cell also proliferates in response 
to IL-4 or IL-9. TSla/i cell line was obtained after trans- 
fection of TSI/* with human IL2Ra gene. This cell line is 



dependent on the expression of IL-2Ra for IL-2 depen- 
dent cell proliferation (Pitton et al.. 1993). Using these 
cell lines the effects of mAb I9BI Mfi and I6F1 La and 
3H9 were assayed on the IL-2 dependent proliferation. 

The proliferation of TSI/? was very sensitive to the 
effect of mAb 19BI I//? (Fig. 3). This inhibition is prob- 
ably related to the inhibition of IL-2 binding. However. 
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Fig. 3. Inhibition of 1 L-2 proliferation of TS I /? and TS 1 */>". The 
proliferation assay was conducted as described in Materials and 
Methods using I0 4 cells well in a final volume of 0.2 ml. For 
the inhibition experiment 1 ng ml of human rIL-2 or 12.5 U ml 
mouse rIL-4 were used. The proliferation of TSl/f or TSla/? 
obtained with these doses of lymphokines is indicated b\ the 
dashed line. For each cell line the effects of different con- 
centrations of mAbs is shown: -O-O-I^BI 1 //: 
16FI l/a: -A-A-3H9 and - - -11311. The result of a repre- 
sentative experiment is shown. 



Inhibition of IL-2/IL 

at 100-fold higher concentrations. mAb I6F1 l/aand3H9 
also affect the proliferation of TSI0. This effect may be 
related to an inhibition of internalization of the com- 
plexes formed by IL-2 and IgG molecules. The specificity 
of these effects is shown by the fact that the three mAbs 
have no significant effects on the IL-4 proliferation of 
TS10 under conditions in which mAb I1B1I (anti-mouse 
IL-4) gives a complete inhibition (Fig. 3). 

The proliferation of TSIa0 is inhibited by mAb 
19BI 1/0 as well as by mAb 16F1 1/a thus confirming that 
this line is dependent on the expression of high affinity 
IL-2R for proliferation and that mAb I9B1 1 which affect 
the binding to IL-2R0 also affects the biological response. 
As with TS10 cell line, the IL-4 proliferation of TSla0 is 
not affected by the three anti-IL-2 mAbs (Fig. 3). 

One may notice that 0.05 ^g/ml of mAb 19B11/0 is 
necessary for 50% inhibition of the proliferation of TS 1 0 
while 10 /ig/ml is necessary for the same inhibition of 
TSla0. These 200-fold differences are explained by the 
difference in affinity between the 0y IL-2R (10~ 9 M) and 
the a0yIL-2R (10- M -10- 12 M). 

Effects of disulfide bond reduction on IL-2 recognition by 
mAbs 

The presence of the disulfide bound between cysteine 
58 and cysteine 105 has been shown to be critical for IL- 
2 structure and biological activity. The effect of 2-0- 
mercaptoethanol (20-ME) on the conformation of the 
epitopes recognized by mAb 19B11/0, 160,'a and 3H9 
was assayed. Mouse polyclonal antibodies made against 
human IL-2 were also used in these experiments. 

Under the experimental conditions described in 
Materials and Methods, treatment with 20-ME affects 
neither the binding of mAb 19B1 1/0 nor the recognition 
of IL-2 by polyclonal antibodies or mAb antibody 3H9. 
Under the same conditions, the binding of mAb I6FI 1/a 
is greatly affected by 20-ME treatment (Fig. 4). 

This preliminary experiment suggests that the epitope 
recognition by mAb 1 6F1 J /oc is highly conformational 
and is not likely to be mimicked by linear peptides. In 
contrast, the results obtained with mAb 1911/0 suggest 
that it is possible to pursue the characterization of a linear 
peptide involved in its epitope. 

Localization of the epitope of mAb \9B\ 1 0 

Four peptides were synthetized to assay the specificity 
of mAb 19B1 1/0. Peptides 1-22 and 1-30 cover the NH : 
terminal tail of IL-2 and either partially (1-22) or totally 
(1-30) the first a helix (a helix A). Peptides 30-54 covers 
all the loop joining a helix A to a helix B-B\ Peptide 44- 
54 covers an area including peptide 44-46 which may 
fold in a 0-sheet fashion. 

Figure 5 shows that mAb 19BM 0 recognize very 
specifically peptides 1-22 and 1-30. No signal was 
obtained in ELISA on peptides 30-54 and 44-54. As 
expected. mAb I6FI 1/a does not bind to any of these 
peptides even though it binds to IL-2. 

In the same assay polyclonal antibodies bind strongly 
to peptides 1-30 thus suggesting that this part of IL-2 if 




Antibody Oig/well) 
Fig. 4. Effect of /3-mercaptoethanol treatment of IL-2 on the 
binding of polyclonal and mAbs. Before coating the plates a 
solution of IL-2 (20 /ig/ml) was treated by different con- 
centrations of 0-ME (-•-•-: 0.04 M. -O-O: 0.2 M, 
I M, -□-□-5 M) during 1 hr at room temperature. Fifty micro- 
liters of these solutions were used to coat the plates. The ELISA 
technique used to detect the binding of purified polyclonal and 
mAb antibodies to 0-ME-treated IL-2 is described in Materials 
and Methods. The results are directly given as the O.D. 
obtained after 1 hr incubation at 37"C. 



very immunogenic. They bind less efficiently to 1-22 and 
30-54 while the binding to 44-54 is very weak. Contrary 
to mAb 19B1 1/0, mAb 3H9 binds to peptide 30-54 thus 
showing the specificity of the system. Surprisingly. mAb 
3H9 binds peptide 1-22 but more weakly peptide 1-30 
although it completely encompasses the 1-22 sequence 
(Fig. 5). Inhibition experiments have however confirmed 
the full specificity of the system (see below). 

Peptide inhibition of IL-2 binding and affinity measure- 
ments 

Different concentrations of peptides were used to 
inhibit the IL-2 binding by mAbs 19BI 1/0, I6F1 l a and 
3H9 using the technique described in Materials and 
Methods (Fig. 6). 

The binding of 19B1 1/0 was inhibited only by peptides 
1-22 and 1-30. thus confirming the binding results. The 
binding of 3H9 was efficiently inhibited only by peptides 
30-54 and 44-54. These results confirm the complete 
specificity of the system. As expected. IL-2 binding by 
I6FI 1/a was not affected by these peptides. 

From these data the affinities for the different peptides 
were calculated (see Materials and Methods and Table 
I). MAb I9BI 1 0 has a good affinity for IL-2 (K, 2 x 
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Fig. 5. Binding of mAbs to IL-2 peptides. The ELISA plates 
were first coated with IL-2 (-#-#-), peptide 1-22 (-□-□-), 
peptide 1-30 (-■-■-), peptide 44-54 (-A-A-) or peptide 
30-54 (-V-V-) using a solution at 1 ^g/ml. The ELISA tech- 
nique used thereafter is described in Materials and Methods. 
The results obtained with the purified polyclonal antibodies 
and purified mAbs 1 9B 11 //?, 1 6F 1 1 /a and 3 H9 are expressed as 
the O.D. obtained after I hr incubation at 37'C, 



10* 9 M) and peptide 1-30(^5 x 1 0~ 7 M). Surprisingly, 
mAb 3H9 has a stronger affinity for peptide 30-54 {Kj 
1.3 x lO" 9 M) than for IL-2 (K d 1.5 x 10' 8 M). This 
situation where the antibodies have a stronger affinity for 
a molecule not used as an immunogen has already been 
observed (heteroclicity), 

Importance of threonine in position 3 in the epitope of mAb 
195/110 

The peptide which shows the strongest affinity for mAb 
19BI1/0 corresponds in the folded IL-2 to a tail of 10 aa 
and an oc helix of 20 aa. Using the pepscan method 
described in Materials and Methods and a series of deca- 
peptides, we have evaluated the role of each aa in binding 
of 19B1 1//? to peptide 1-30. Figure 7 shows these results. 
As controls, mAbs I6F1 1/a and 3H9 do not bind to the 
series of decapeptide examined here. In contrast, mAb 
I9B1 1 binds very strongly to peptides 1—10. It also binds 
to peptides 2-1 1 and 3-12 but the loss of threonine 3 in 
peptide 4-13 leads to the disappearance of decapeptide 
recognition and no binding is observed. 

Since threonine 3 is known to be the unique site of IL- 
2 glycosylation, we have compared the recognition of 
glycosylated IL-2 and non-glycosylated IL-2 by mAb 



I9BII/0. In ELISA, mAbs 16F1 I/a and 3H9 recognized 
these two molecules in a comparable manner. In contrast, 
the pattern of recognition by mAb I9B1 \/fi is dramaticly 
different; this mAb docs not recognize glycosylated IL-2. 
This is in agreement with the fact that non-glycosylated 
IL-2 was used for the production of mAb 19BI1/0 (Fig 
8). 

DISCUSSION 

Considering the important immunoregulatory role of 
IL-2, and the therapeutic promise it holds for the treat- 
ment of certain cancers and infection diseases, this cyto- 
kine has been the focus of several structure-function 
studies aimed at characterizing agonists, antagonists of 
the molecules. 

A major step towards this goal has been given by the 
determination of the three-dimensional structure of IL-2 
(Bazan, 1992). IL-2 as several other cytokines, including 
human growth hormone and prolactin, and these have 
structures composed of a compact core bundle of four 
antiparallel a helices. For human IL-2, helix A extends 
from aa 1 1 to 27, helix B-B' from aa 55 to 74, helix C 
from aa 84 to 97 and helix D from aa 115 to 133. These 
helices are connected by three loops: A-B (aa 28-54); 
B-C (aa 75-83) and C-D (aa 98-1 14). Therefore, Asp 20 
which is critical for binding to the IL-2R of intermediate 
affinity is localized in the middle of a helix A. In a more 
recent and detailed study the role of the segment 17-21 
(Leu-Leu-Leu- Asp- Leu) surrounding Asp 20 has been 
investigated. It was found that Asp 20 and Leu 21 are 
the functionally most important residues in this region. 
Asp 20 is solvent accessible and likely plays a direct 
receptor contact role. Leu 21, in contrast, is completely 
buried in the hydrophobic area of the protein and sub- 
stitutions at this position perturbs the hydrophobic 
packing arrangements important for biological activity 
(Berndt et al., 1994). 

Several lines of evidence demonstrate that mAb 
I9B1 \/P specifically inhibits the binding of human rIL-2 
to IL-2R0. 

(1) Using the same mouse T cell (TS1) —expressing 
only mouse y chain — transfected either with human IL- 
2Ra or human IL-2R0, it has been possible to obtain cell 
lines which bind IL-2 through either the receptor IL- 
2Ry mu /IL-2Ra hu (TSla) or the receptor IL-2Ry mu /IL- 
2R0 hu (TSI0). Under the experimental conditions dis- 
cussed in this paper, only mAb I9B1 inhibit the bind- 
ing to TSI0. 

(2) This has been further documented by showing that 
mAb 19BI 1/0 and soluble IL-2R/? inhibit the IL-2 bind- 
ing to human YT cells expressing the human IL-2R0-/. 
Neither of these two molecules, however, give a complete 
inhibition of the binding and the respective amounts 
required for half maximal inhibition is compatible with 
the fact that soluble IL-2R/J exhibits a low affinity for 
IL-2(tf rf IO- 7 M). 

(3) Functionally 19B1 1 J inhibits the growth effects of 
IL-2-mediated either by the intermediate~affinity receptor 
complex (0y) or by the high affinity receptor complex 



Inhibition of IL-2/IL-2 receptor /? by mAb 




Inhibitors (ng per ml) 

Fig. 6. Inhibition of IL-2 binding to mAbs by IL-2 peptides. These experiments were performed using 
the ELISA technique described in Materials and Methods. The plates were coated with rIL-2 (1 j/g/ml). 
Concentration of mAb antibodies giving half maximal binding were used ( 1 9B 1 1 /0 and 3H9 at 0. 1 /ig/ml; 
16F1 1 a at 0.4 /ig/ml). The corresponding binding is shown in each panel of the figure (see dashed line)! 
The antibodies were mixed with various concentrations of these different peptides before addition to the 
plates: IL-2 (-#-#-), peptide 1-22 <-□-□-). peptide 1-30 (-■-«-), peptide 30-54 (-A-A-) and peptide 
44-54 (-A-A-). The affinities of IL-2 and of the different peptides were calculated from this data (see 

Results and Table 1). 



Table 1 . Affinity of the mAb for IL-2 or IL-2 peptides (Kd in M)* 





IL-2 


1-22 


1-30 


30-54 


44-54 


19BI1/0 
16F1 1/a 
3H9 


2.1 x I0~ 9 
3.2x lO" 9 
1.4 x 10-* 


1.3x lO" 7 

>10" 5 
4.5 x I0" 6 


4.9 x 10" 7 
>10~ 3 
>10" 5 


>10" 5 
>10~ 5 
1.3x lO* 9 


>I0" 5 
>I0" 5 
5.3 x lO' 6 



'Affinities were calculated from the data represented in Fig. 7 using the method described by 
Friguel e t al. (35). 
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Fig. 7. Pepscan analysis of mAbs binding. The overlapping 10-mer peptides spanning the 133 amino 
acids of the IL-2 sequence were prepared using Pepscan on polyethylene rod as described in Materials 
and Methods. The binding of the mAb antibodies was then assayed using the ELISA technique described 
in Materials and Methods. The data are represented only for the first 25 decamers. 



(*/>•/)• The pattern of inhibition and the dose of I9BII //? (4) Allthese effects have been shown to be specific since 
required is compatible with a blockade of the interaction mAb 16F1 1 /a. which specifically affects the binding of 
between IL-2 and the IL-2R/J chain, radiolabeled IL-2 to rlL-2x has been used as control. 



1054 



J.-L. MOREAU et ai 



2.0 



1.5 



i 




\n 
O 


1.0 






d 




d 


05 




QO 



19B11/P ; 


16Fll/a 


p 


' A 

P / 

' o 


< 

/ 


□ ' 

d * 

p 



1 10 100 .1 



3H9 



O IL-2 Non glycosylated": 
O IL-2 Glycosylated 

4.C°/?lrfll ../ 



1 10 100 



1 10 100 .1 
mAb ( M g per ml) 

Fig. 8. Binding of mAbs to glycosylated or non-glycosylated 
rIL-2. The plates were coated either with glycosylated rlL- 
2 produced in CHO cells (Sanofi) or non-glycosylated IL-2 
produced in E. coli (Roussel Uclaf). The binding was then 
analysed with the ELISA technique discussed in Materials and 
Methods. 



MAb I6FI 1/a only blocks the binding to TSIa cells and 
not to TS1/?, it does affect the binding of IL-2 to YT cells 
and only inhibits the IL-2 induced proliferation of TSIa/? 
cells. In addition, mAb 3H9 also used as control, further 
demonstrates the specificity of the effects observed with 
mAb 19BI1//?. 

The epitope recognized by mAb 19BI1//? has been 
characterized using different peptides. It recognizes two 
peptides, namely 1-22 and 1-30 covering the NH 3 ter- 
minal part of IL-2 including the first 10 aa of the NH : 
terminal and either all (1-30) or about half of the a helix 
A (1-22). Its binding is totally specific and mAb I9B1 1//? 
does not recognize peptides 30-54 and 44-54. These data 
have been obtained by direct binding in ELISA and by 
inhibition experiments. The affinity of the two peptides 
(1-22 and 1-30) has been measured (K ( , is between 10" 7 
M and 5 x 10~ 7 M). These data are in complete agree- 
ment with the observation that aa at positions 20 and 21 
(Asp 20 and Leu 21) play an important role in IL-2/IL- 
2R/? interaction. 

The fine localization of the epitope recognized by mAb 
1 9B 1 1 //? gives further insight into the interaction between 
IL-2 and IL-2/?. Asp 20 and Leu 17 are not directly 
implicated in the 19B1 1.0 epitope since various mutants 
of IL-2 with single aa substitution as well as double 
mutant at these positions are recognized as well as wild- 
type IL-2 by mAb 19BI 1 /? (data not shown). The strong 
implication of threonine 3 was unexpected. This area of 
the molecule is not thought to have a well defined struc- 
ture and is likely not to be the first site of interaction 
between IL-2 and IL-2/?. The inhibitory effect of mAb 
I9B1I//? on the interaction between IL-2 and IL-2R/? 
may be due to either steric hindrance or to interaction 
with a secondary site of binding necessary for the sta- 
bilization of the IL-2 IL-2R/? complex. 

The observation that mAb 19BI 1 /?does not recognize 
glycosylated IL-2 is in contradiction with the fact that it 
can. however, neutralize the biological activity of IL- 
2 produced in vitro by human peripheral lymphocytes 
stimulated by anti-CD3 mAb or phytohemaglutinin (data 
not shown). To explain this contradiction, one has to 



speculate that the epitope recognized by I9B1 lip is local- 
ized in peptide 1-30. that threonine 3 plays a critical role 
in ELISA recognition but that in liquid phase other aa 
not hidden by the sugar moeity are accessible to the mAb 
and also play an important role in epitope structure. 

The characterization of mAb I6F1 I/a and 3H9 have 
also provided some information. These mAbs recognize 
different epitopes and do not compete for the same site 
in IL-2 (Rebollo et ai, 1992). Unfortunately the epitope 
of mAb 16F1 1/a is conformational (Fig. 4) and therefore 
it was not possible to study this epitope related to the IL- 
2/IL-2Ra area of interaction. The epitope of mAb 3H9 
was characterized. Its affinity for IL-2 and peptides 30- 
54 (A-B loop) and 44-54 is interesting to consider. Since 
mAb 3H9 has some affinity for peptide 44-54, one may 
speculate that part of its epitope is in this area even if 
additional aa from peptide 30-44 increases its affinity. 
This result can be compared to the data reported by 
Sauve et ai (1991) showing the importance of Lys 35, 
Arg 38, Phe 42 and Lys 43 in IL-2/IL-2R* interactions. 
MAb 3H9 does not inhibit significantly neither IL-2 bind- 
ing to TSIa nor the IL-2 proliferation mediated by high- 
affinity IL-2 receptor (Fig. 3) maybe because of its rela- 
tively low affinity (Table 1). Furthermore, the obser- 
vation showing that mAb 3H9 has greater affinity for 
peptide 30-54 than for IL-2 may indicate that the animals 
are immunized by a fragment of IL-2 produced after in 
vivo degradation or/and that in the IL-2 molecule this 
peptide has a conformation not easily accessible to the 
mAb 3H9. 

Several observations made during the course of this 
work deserve some additional comments. 

The high reactivity of polyclonal antibody from IL-2 
immunized animals with peptide 1-30 shows that this 
area of the molecule is very immunogenic. This is inde- 
pendent of the glycosylation of the molecule since it has 
been shown that IL-2 produced in E. coli or in CHO cells 
are equally immunogenic (Sanofi, pers. comm.). 

In Fig. 1 it has been shown that mAb 19BI 1//? stimu- 
lates the binding of radiolabeled IL-2 to TS la cells. The 
work carried out in the mouse system shows that the loop 
including aa 30-54 as well as the a helix B-B' plays an 
important role in the IL-2 binding to the a chain. One 
may speculate that the complex made by mAb 19B1 MP 
and IL-2 is more stable and binds with more affinity to 
IL-2R*. Alternatively, the avidity of IL-2 for IL-2Ra may 
be increased by the aggregation of two molecules of IL- 
2 on the surface of the IgG molecule. These effects also 
found with mAb 3H9 are dose-dependent and difficult to 
study. 

The fact that mAb 3H9 binds peptides 1-22 and 1-30 
in ELISA while it has no affinity for this peptide and the 
observation that on the contrary, it has significant affinity 
for peptide 44-54 while it does not recognize it in ELISA, 
further points to the necessity of measuring affinities 
before making any kind of conclusion on antibody-anti- 
gen interactions. 

Mutagenic analysis of human IL-2 has already pro- 
vided some information concerning the role of * helix A 
on the binding of this cytokine to the IL-2R/? (receptor 
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of intermediate affinity in conjunction with the y chain). 
The characterization of the epitope defined by mAb 
19B1 !//? with specific inhibitory and functional proper- 
ties described in the present paper provides comp- 
lementary information. A detailed understanding of the 
biochemical mechanisms and structure-activity relation- 
ships of IL-2 and its receptor is required before it is 
possible to understand in more detail the fundamental 
properties of this cytokine and to develop new analogs 
for therapeutic applications. 
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Abstract 

T cell activation and cellular immune 
responses are modulated by interleukin 2 
(IL2) through binding to its corresponding 
cell surface receptor. Three forms of the 
receptor are recognised based on IL2 
binding affinity. The high affinity receptor 
Is a heterotrimer composed of a, p, and 
Yc-polypeptide chains. The 55 kDa a-chain 
also known as the Tac (T cell activation) 
antigen or CD-25 is a unique subunit of 
the high affinity IL2 receptor (IL2Ru). 
Resting T cells express few II*2Ra, how- 
ever, when activated, the expression of 
ILR2a rapidly increases. The IL2Ru is 
shed from the cell surface and is measur- 
able in the serum as a 45 kDa soluble form 
(s-Tac or s-IL2Ru). Serum concentrations 
of s-Tac can be used as a surrogate marker 
for T ceU activation and IL2Ku expression. 
IL2Ra is over expressed by T cells in a 
number of autoimmune diseases, allograft 
rejection and a variety of lymphoid neo- 
plasms. IL2 induced proliferation of T 
cells can be inhibited by the murine 
monoclonal antibody (anti-Tac) directed 
against the a-chain of the IL2R. Through 
molecular engineering, murine anti-Tac 
has been humanised reducing its immu- 
nogenicity without changing its specifi- 
city. Humanised anti-Tac (HAT) has been 
shown to reduce the incidence of renal and 
cardiac allograft rejection as well as 
decrease the severity of graft versus host 
disease in patients undergoing HLA 
matched allogeneic bone marrow trans- 
plantation. IL2Ra targeted treatment with 
radioimmunoconjugates of anti-Tac and 
immunotoxins has shown promise in the 
treatment of CD25 expressing lympho- 
mas. 

{Ami Rheum Ois 2000;S9(suppl I);i 1 00 -j 1 14) 

In 1 976, Morgan err al described an activity in 
the supernatants of cultured PHA stimulated 
peripheral blood mononuclear cells they 
termed T cell growth factor (TCGF) that was 
capable of stimulating the growth of bone mar- 
row derived T lymphocytes. 1 Shortly there- 
after, it was discovered that TCGF was 
required for the indefinite culture of cytolytic T 
cells in vitro.- In 1983, Taniguchi and cowork- 
ers using expression cloning isolated the cDMA 
for TCGF. 1 In recognition of its broad 
pleiotrophic activities, TCGF was subse- 
quently renamed interleukin 2 (IL2).* It is a 
153 aminoacid polypeptide with a 20 ani- 
moacid signal sequence and a cysteine disul- 
phide bridge. IL2 is a potent irnmunomodu la- 



tor whose major function is the activation of 
various cells of the immune system including 
helper T cells, cytotoxic T cells, B cells, NK 
cells and macrophages. 

IL2 mediates its biological effects through 
binding to its corresponding cell surface recep- 
tor. There are three recognised IL2 receptors 
(H.2R): a high affinity (K,= 10"M) receptor, 
an intermediate affinity (K, = 10" M) receptor 
and a low affinity (K a = 10" M) receptor. 5 
These receptors arc composed of up to three 
glycopeptide subunits: a 251 aminoacid 55 
kDa u-chain (CD25),** ' a 75 kDa (3-chain 
(CD122)* and a 64 kDa y v -chuin (CD! 32)." 
The P- and y t .-chains share significant homol- 
ogy with other members of the class I cytokine 
receptor family, however, the separate u-chains 
of the IL2R and the IL15R form a separate 
unique class. The high affinity receptor is a 
trimer consisting of an p- and y t -chain.'" 
The intermediate affinity receptor is a dimer 
composed of a p- and a y -chain, and the low 
affinity receptor appears to be a monomeric 
(x-subunit. 'I "he y^-subunk seems to be consti- 
tutively expressed on most lymphoid cells, but 
the expression of the u- and p-chains are more 
tightly regulated. The various polypeptide 
subunits perform different functions. The 
u-subunit mediates binding of IL2 and upregu- 
lates receptor sensitivity to IL2, the P-subunit 
also plays a pari in binding of ligand, both the 
P- and 7,-subunits mediate internalisation and 
signal transduction through the JAK 1 and 3 
kinase pathways/ 1 The IL2R and the IIJ5 
receptor share a common P-chatn, whereas the 
y t -subunit is shared among the IL2, IL4, IL,7, 
IL9 and IL15 receptors.'* Other surface 
molecules have been found to be associated 
with the IL2R including ICAM-1 (CD54) and 
MHC class I molecules. 

Less than 5% of normal circulating periph- 
eral blood mononuclear cells express the 
IL2Ru and then only at a very low level. "ITie 
high affinity IL2R is not expressed on norma! 
or unstimulated lymphocytes, but it is rapidly 
transcribed and expressed on activated T 
cells.]* " The 55 kDa u-polypeptide (IL2R«) of 
the high affinity receptor, also known as the Tac 
(T cell activation) antigen, or CD25 is 
enzymatically cleaved and shed from the 
surface of expressing cells. 1 " It can be measured 
in the serum by EUSA assay as a 45 kDa 
monomer called soluble-Tac (s-Tac) or 
soluble-IL2 receptor (s-H .2Ru). ,T The release 
of s-Tac is proportional to its cell surface 
expression. 1 ** It is excreted and catabolised by 
the kidneys and has a serum half life (t l5 ) of 
0.62 hours. Serum values in normal healthy 
people range between 1 12-502 IU/ml (1 IU = 
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3.3 picograms). The scrum levels of s-Tac are 
increased in renal failure due to its decreased 
catabolism. Administration of exogenous IL2 
will also increase serum s-Tac concentrations.'" 

Several murine monoclonal antibodies have 
been developed against the various subunits of 
the human 1L2R and have been used for detec- 
tion and diagnostic purposes as well as 
treatment. Included are anti-Tac (anti-CD25) 
that binds to an epitope on the a-chain and 
inhibits the binding of IL2 to its receptor/ 
7G7/B6 that binds to a separate epitope on the 
IL2Ru and does not inhibit EL2 binding,* 0 and 
Mikpi that binds to the EL2R p-chain 
(CDI22). JI Anti-Tac, but not Mikpl has been 
shown to inhibit IL2 induced proliferation of 
human T cells." On the other hand, Mikpl 
inhibits IL2 and IL15 binding on large granu- 
lar lymphocytes and the activation of these cells 
that expresses the IL2RP, but not the EL2Ra. 
MIKpl inhibits the action of \IA 5, but not IL2 
on activated T cells that express the high affin- 
ity IL2 receptor. Anti-Tac and iMikpl act syn- 
ergistically to inhibit II-2 induced proliferation 
in T cells. At 

The therapeutic use of murine monoclonal 
antibodies has been limited because of their 
immunogenicity and the rapid development of 
neutralising human antimouse antibodies 
(HAMA) in patients receiving ihem. =4 Further- 
more the short in vivo survival of murine anti- 
bodies limits their use in chronic diseases. 
Major efforts have gone into developing 
molecular techniques for "humanising" these 
antibodies to reduce their immunogenicity. In 
humanised anti-Tac about 90% of the mol- 
ecule (murine IgG,J has been replaced with a 
human IgG lv sequence. " , Humanised anti-Tac 
(HAT) has the advantages of a low incidence of 
induction of neutralising antibodies, a signifi- 
cantly prolonged scrum half life (t,.,) of 20 days 

Table I Clauses of increased scrum soluble IL2Ra (Tac) ctmcenirotiom 



AfL'jfTuft rejection 

Bone marrow 

Cardiac 

Liver 

Renal 



Autoimmune divzise 

Aplastic anaemia 

Behcet \ syndrome 

Crohn's disease 

Giant cell arteritis 

Juvenile rheumatoid arthritis 

Kawasaki disease 

Multiple sclerosis 

Polyrnalgia rheumaticu 

Rheumatoid urihritis 

Sarcoidosis 

Scleroderma 

Sjogren' j syndrome 

Systemic 1upu< crythmatmu* 

Vasculitis 

>3C'egerner'* granuloma! nsfc 
Drugs 

In vivo administration 

lUixi stage renal disease 

Infexihtm 
I II V.AIDS 

Pulmonary tuberculosis 
Rubeola 

Infectious mononucleosis 
Sep>i* 



Keoptajiti 

Acute myelocytic leukaemia 
Anaplastic large cell lymphoma 
Adult T cell Icukacmia/lymphoma 
Chronic lymphocytic leukaemia 
Chronic myelocytic leukaemiy 
Cutaneous T cell lymphoma,-' 
Mycosi* fungi tides 
Hairy cell leukaemia 
Eludgkin'x disease 
N'nn-HodgkuVs lymphoma* (B cell) 
Peripheral T cell K-rnphuman 

letut-oeciusiv* disease 



compared with 40 hours for the murine 
antibody, and the ability to mediate antibody 
dependent cytotoxicity (ADCC) through its 
humanised Fc-domain."* 

Il~2 receptor directed treatment in 
autoimmune disease 

Little IL2Ru is expressed on unstimulated T 
cells or is found as s-Tac in the serum of 
healthy people, however, significant increases 
in II-2Ra are seen in the setting of autoim- 
mmunc diseases, organ transplant rejection 
and in many T cell and B cell neoplasms (table 
1). There are a large number of reports evalu- 
ating the use of serum s-Tac levels as a measure 
of disease activity in autoimmune diseases.'* 
Investigators have attempted to follow the lev- 
els of s-Tac as an indicator of systemic lupus 
erythematosus (SI -B) disease activity with 
mixed results.*^ w In one study, patients with 
SUE exhibited greater lymphocyte activation 
having increased circulating CD25+ cells com- 
pared with normal controls, but the increased , 
expression did not correlate with exacerbations 
of their lupus. 11 

Similar findings have been reported in 
patients with rheumatoid arthritis (RA) where 
serum or synovial fluid s-Tac levels were found 
to correlate with disease activity or response to 
treatment in some studies but not others. 13 " In 
a study by Suenaga and colleagues, two of three 
patients with increased s-Tac (> 2 SD above 
normal) and joint findings suspicious for but 
not diagnostic of RA, developed frank RA 
when followed up for one year compared with 
25% of patients with joint pain and normal 
s-Tac levels. ** Increased s-lL2Ra levels have 
been found to correlate with the systemic onset 
of juvenile rheumatoid arthritis (JRA) but not 
with onset of limited disease* 7 and with activity 
of Sjogren's syn drome. ,fi One report suggested 
that pleural effusions from RA could be differ- 
entiated from those of SLE based on the higher 
levels of s-Tac found in these effusions. 1 '* Solu- 
ble IT .2Rq levels have been found to be 
increased in Wcgerner*s granulomatosis, vascu- 
litis, polymyalgia rheum atica, giant cell arteri- 
tis, Kawasaki disease, and Behcet's syndrome 

Experimental animal models of autoimmune 
uveitis M * as well as uveitis patients demonstrate 
increased circulating T cells bearing large 
numbers of high affinity II -2 surface receptors. 
Ten patients with progressive chronic bilateral 
non-infectious sight threatening posterior and 
intermediate uveitis were weaned off of their 
systemic immunosuppression and treated widi 
HAT 1 mg/kg intraveneously at two week inter- 
vals for 12 weeks, then at three week intervals 
for 12 weeks and finaUy at four week intervals 
to complete one year of treatment.*' Eight of 
the 10 patients had improvement of their visual 
acuity and two patients had progressive dete- 
rioration- Six patients developed transient 
rashes during the treatment as the only poten- 
tial toxicity and no patient developed neutralis- 
ing antibodies to the HAT Additional benefits 
of the IL2R targeted treatment were that after 
the patients were tapered off of systemic corti- 
costeroids,- there were improvements in blood 
pressure and serum cholesterol levels. 
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IL2 receptor targeted treatm nt in organ 
transplantation 

Scrum concentrations of the soluble form of 
the IlJ>Ru has been found to be increased in 
patients rejecting allografts and activated T 
cells play a major part in graft rejection. 1 ' 1 In the 
United States two monoclonal anti-IL2Ra 
antibodies have been clinically approved to 
prevent renal allograft rejection. Daclizumab 
(Zenapax, HofYmann-LaRoche, Nutely> NJ) is 
the humanised monoclonal with approximately 
90% of the murine sequence replaced by 
human sequences and basiliximab (Simulect, 
Novartis Pharma, Kast Hanover, NJ), a chi- 
merical monoclonal antibody in which 75% of 
the sequence has been humanised. 4 * The two 
antibodies are administered on different dose 
schedules because of their different pharma- 
cokinetic profiles. Basilixtmab is administered 
as a 20 mg intravenous dose two hours before 
transplant and again on the fourth postopera- 
tive day for a total of two doses. Daclizumab is 
approved to be administered intravenously at 1 
mg/kg preoperatively and postoperatively at 
weeks 2, 4, 6, and 8 for a total of five doses. In 
a pilot study, 1 0 patients receiving living related 
renal allografts and two patients receiving 
cadaveric transplants were randomised to 
receive daclizumab 0.5 mg/kg or 1 mg/kg 
weekly, or 0.5 mg/kg or 1 mg/kg every two 
weeks beginning 12 hours before transplant for 
a total of five doses along with cyclosporine, 
corticosteroids and azathiaprinc." None of the 
allograft recipients experienced an episode of 
rejection in the first year, compared with 7 of 
17 (41 %) historical controls. In a US multicen- 
tre Phase III randomised double blind placebo 
controlled study, 260 patients undergoing first 
cadaveric renal transplant were randomised to 
standard treatment with cyclosporine, azathi- 
aprine and corticosteroids, or this regimen plus 
daclizumab. Of the 126 patient receiving 
daclizumab, 28 (22%) had a biopsy confirmed 
episode of rejection compared with 35% of 1 34 
control patients receiving standard immuno- 
suppression plus placebo (p = 0.03). There 
was, however, no statistically significant differ- 
ence in graft survival between the two treat- 
ment groups at one year (95% v 90%, p = 0.08) 
and there was no difference with respect to 
adverse drug reactions, infectious complica- 
tions or the incidence of cancer between the 
groups. In a second Kuropean multicentre 
Phase III randomised double blind placebo 
controlled study daclizumab was compared 
with placebo in 275 patients receiving a less 
intensive immunosuppressive regimen of cy- 
closporine and corticosteroids receiving their 
first cadaveric renal transplant. 17 At six months 
28% of patients on the daclizumab arm had a 
biopsy confirmed episode of acute rejection 
compared with 47% of patients in the placebo 
arm (p = 0.001). Patients on the daclizumab 
treatment arm had better graft function, 
reduced need for antithymocyte or antilym- 
phocyte globulin, lower administered cortico- 
steroid doses, a lower incidence of cytomegalo- 
virus infections, a lower incidence of infectious 
deaths and a greater one year survival than 
patients on the placebo arm (99% */ 94%,, p = 



0.01). Randomised controlled clinical trials 
using basilixirnab in renal transplantation have 
shown similar encouraging results." 

lL2Ru receptor directed treatment has also 
been shown to improve the survival of other 
organ allografts. In a primate cardiac allograft 
model, the efficacy of HAT was compared with 
murine anti-Tac for the prevention of rejec- 
tion.** Both monoclonal antibodies resulted in 
superior allograft survival compared with con- 
trols, however, HAT was less immunogenic 
and resulted in a better survival compared with 
the murine antibody. Recently, 55 patients 
undergoing first cardiac allograft were ran- 
domised to cyclosporine, myeophcnolate 
mofctil and prednisone with or widiout dacli- 
zumab 1 mg/kg intravenously administered 
every two weeks for five doses." Acute rejection 
occurred in 17 of 27 patients on standard 
immunosuppression and in 5 of 28 patients on 
the standard immunosuppression plus HAT 
treatment arm (p = 0.04). In addition, the 
severity of the rejection episodes was reduced 
and die time to first episode of rejection was 
prolonged in the HAT treatment group. No 
increased toxicity or higher incidence of infec- 
tion or cancer was seen in the HAT treatment 
arm. 

Mixed results have been seen in trials using 
HAT for patients undergoing liver transplanta- 
tion. In one study 28 patients undergoing a 
liver transplant were treated with prednisone, 
cyclosporine and HAT and no episodes of 
acute rejection were reported. 10 Recently, a 
pilot study was terminated after seven of seven 
patients developed rejection when treated with 
a regimen of corticosteroids, mycophenilatc 
moefitcl and daclizumab without cyclosporine 
or odier calcineurin inhibitor compared with 
36% of patients treated with corticosteroids, 
rnycophenolate mofetil and a calcineurin in- 
hibitor. 51 These investigators suggested the 
high rejection rate was the result of the absence 
of a calcineurin inhibitor in the immunosup- 
pressive regimen and the lower than antici- 
pated serum levels of daclizumab in hepatic 
transplant patients compared with renal trans- 
plant patients. 

II J2 receptor targeted treatment is being 
evaluated for the prevention and treatment of 
graft versus host disease (GvHD). GvHD is the 
most frequent complication of allogeneic bone 
marrow transplantation occurring in 30 -60% 
of HLA matched sibling transplants. 1 -' *• The 
incidence of GvHD is as high as 90% in 
matched unrelated donor transplants and the 
mortality of acute grade 4 GvHD approaches 
100%.^ GvHD is mediated by the reactivity of 
mature T cells in the donor marrow against 
recipient alloantigcns.*' ,7 Donor T cells stimu- 
lated by alloantigens secrete IL2 and express 
IL2Ru." Several studies have shown an asso- 
ciation of soluble II-2Ru levels and the activity 
of GvHD. v> Serum soluble Tac levels increase 
at the time of engraftment and at the onset of 
acute and chronic GvHD." 1 The peak concen- 
tration of s-ILRa correlated with die severity of 
the GvHD and falls as the patients' GvHD 
resolves.'*^ Prolonged increase in serum 
s-II.2Ru is often followed by the development 
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of chronic GvHD. Patients with large increases 
of their s-IL2Ru levels have a poorer survival 
compared with patients wich mild increases. In 
contrast, other studies have found little predic- 
tive or diagnostic role for monitor of s-Tac as 
an indicator of GvHD. Sepsis, vcno-occlusive 
disease and other conditions common in the 
bone marrow transplant setting other than 
GvHD can cause increase in the serum 
s-IL2Ru levels.' 1 ' 

GvHD is treated with corticosteroids and 
immunosuppressive agents however, the use of 
ami-CD25 antibodies is receiving increasing 
attention as an adjunct to treatment or for 
patients who are resistant to corticosteroids. 
Prophylactic use of monoclonal antibodies to 
IL2Ru reduces the incidence and severity of 
GvHD in murine models." Early clinical trials, 
however, were disappointing. A study using a 
rat monoclonal antibody (LO-Tact-1) directed 
against lL2Ru as prophylaxis for GvHD in 1 0 
patients undergoing HI-A matched sibling 
donor bone marrow transplant found it had no 
benefit in reducing the incidence of GvHD, the 
frequency of relapse or overall survival.** Stud- 
ies using an lUZ-Pscudomtmas exotoxin A 
fusion protein or a Pseudowonas exotoxin 
A-anti-Tac Fv fragment have been shown to 
reduce circulating CD25+ T lymphocytes, 
reduce allorcactive T cells by 100-fold and 
decrease the incidence of GvHD in mice trans- 
planted with allogeneic cells." 7 

Two recent studies suggest a benefit of 
humanised anti-Tac (daclizumab) for the 
treatment of GvHD. In a study of 20 patients 
with corticosteroid refractory acute GvHD 
who were treated with doses of daclizumab 
ranging from 0.5 nag- kg to 1.5 mg'kg, four 
complete and two partial responses were 
seen."** Toxicity was limited to chills and 
diaphoresis in one patient and no patient 
developed an antibody response to the human- 
ised antibody. In a second study, 24 patients 
with advanced or corticosteroid refractory 
GvHD were treated with 1 mg/kg daclizumab 
on days 1,8, 15, 22, 29."" Patients were evalu- 
ated for response of their GvHD on day 43. 
The complete response rate for this group of 
patients was 29% and the survival on day 120 
was 29%. In the same study, a second cohort of 
1 9 patients received daclizumab 1 mg/kg on a 
more intensive schedule (days 1, 4, 8, 15 and 
22). The complete response rate on day 43 was 
47% and survival on day 120 was 53%. No sig- 
nificant toxicity was seen in either cohort, bur a 
reduction of serum s-IL2Ru and circulating 
CD3+, CD25+ cells were noted. These 
laboratory changes were not predictive of out- 
come. 

IL2 receptor targeted treatment of 
neoplasia 

The greatest expression of IL2Ru and highest 
s-Tac levels are seen in the setting of T cell 
malignancies. This coupled wich the ability of 
anti-Tac to block the binding of a specific 
cytokine growth factor (IL2) to its receptor, 
inhibiting proliferation of the malignant cell, 
make this an ideal target for specific mono- 
clonal antibody treatment. Over expression of 



IL2R<x is seen on the cells of adult T cell 
leukaemia'lymphoma (ATL), mycosis fun- 
goides> peripheral T cell lymphomas, hairy cell 
leukaemia, Reed-Sternberg cells (Hodgkin's 
disease), anaplastic large cell lymphoma and 
some B cell neoplasms. 7 " 

ATL has served as the prototypical disease 
for the therapeutic trials of anti-Tac. ATL is an 
aggressive lymphoprolifcrative disorder caused 
by infection with a novel human retrovirus: the 
human T cell lymphotrophic virus type 1 
(HTLV-1). T1 TJ HTLV-l infection is geograp- 
hally clustered found primarily in the Carib- 
bean basin, Western Africa and Southern 
Japan. 7 ' After infection, reverse transcription 
and integration of the virus into a host T cell 
genome, expression of the virally encoded 42 
kD rax protein acts as a promiscuous transcrip- 
tional activator binding to the promoters of 
multiple families of genes, most notably the 
IL2, IL2Ro and NFkB genes. 71 This results in 
increased gene expression and dysregulation of 
cell growth. About 5% of infected people will 
develop an aggressive form of T cell leukaemia 
or lymphoma 7 " characterised by a Cl>3+, 
CD4+, CD25+ phenotypc/ 1 * In its most 
aggressive form, ATI - patients developed high 
circulating cell counts, severe hypercalcaemia, 
lytic bone lesions, skin and solid organ infiltra- 
tion, liver failure, leukaemic leptomeningitis 
and profound immunosuppression. The me- 
dian survival for patients with acute ATL is 
approximately five months. " Chemotherapy 
has had little impact on the disease with 
relatively few patient responses and a short 
duration of remission. Even the combination of 
interferon alfa and zidovudine (AZT), a 
treatment used throughout much of the world 
results in a median survival of only three 
months. 1 * ? " 

Beginning in the 1980s, a scries of clinical 
trials were initiated in the Metabolism Branch 
of the XCI by Waldmann and colleagues using 
monoclonal anti-Tac antibodies as a therapeu- 
tic approach to ATL. In the first trial, 10 
patients with acute ATL were treated with 
unmodified murine anti-Tac."" Ten of the 1 8 
patients had failed prior chemotherapy. Two 
patients achieved complete remissions, four 
had a partial response and one patient a mixed 
response. The duration of remissions ranged 
from nine weeks to more than three years. Tox- 
icities included fever in two patients and 
transient pancytopenia in one patient. The 
short serum half life of murine anti-Tac and the 
development of human antimouse antibodies 
(HAMA) limited the usefulness of this ap- 
proach. In a follow up phase I/I I study, murine 
ami- lac was armed with the $ emitting isotope 
""Yttrium in an effort to enhance leukaemic cell 
killing. 14 ' Eighteen patients with ATI- were 
treated with 5-15 mCi labelled murine 
anti-Tac. Two complete and seven partial 
responses were seen in 16 cvaluable patients. 
Toxicity was . confined to the haematopoietic 
system, primarily granulocytopenia and throm- 
bocytopenia. However, a significant number of 
patients developed HAMA titres limiting the 
ability to administer repeated doses of the anti- 
body. With the approval and availability of 
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humanised anti-Tac (dacluzimab), the Me- 
tabolism Branch has pursued clinical trials 
using ,N *Y labelled HAT in ATL, other CD25 
expressing T cell neoplasms and Hodgkin's 
disease. Recently wc initiated a phase I/II trial 
of high dose (4-8 mg/kg) unmodified HAT as a 
treatment for patients with of ATL. End points 
for this study are dose limiting toxicity, the 
ability to achieve > 95% anri-Tac saturation of 
the IL2Ru on circulating ATL colls or in lym- 
phomatous tissue (lymph nodes, skin, etc) and 
tumour response. Future approaches under 
development arc the use of HAT chelated to <* 
emitting radionuclides such as ''-'Bi, " M Bi or 
4,1 At because of their more favourable radiobio- 
logical profiles, as well as the use of non-cross 
reactive antibodies such as high dose unmodi- 
fied HAT in combination with low dose radio- 
isotope armed humanised 7G7/B6 to block IL2 
stimulation (HAT) and deliver a lethal dose of 
radioactivity to the malignant cells (radiola- 
blled 7G7/B6). Combination of anti-IL2R 
antibodies with other antibodies (anti-CD30) 
or with other modalities such as chemotherapy 
or other cytokines is also projected. 

Other approaches to IL2R targeted treatment 
of cancer have been the use of ligand-toxin 
fusion proteins and immunotoxins. DAB^IL-2 
is a 58 kDa fusion protein engineered between 
the enzymatic and translocation domains of 
diphtheria toxin (DT) and human IL2 that can 
be expressed in Eschcrvhiu coli." - This fusion pro- 
tein is able to direct cytocidal activity to cells that 
express the 11^ receptor. The toxin is unable to 
be taken up by other cells because it lacks die 
cell receptor binding domain. When bound to 
cells expressing the U.2R and internalised, the 
DT kills cells by catalysing the irreversible 
ADP-ribosylation of elongation factor-2 (EF-2) 
and subsequent inhibition of protein synthesis, 
k has been estimated that even one cytosolic 
molecule of DT is lethal to the cell." 1 In a clini- 
cal trial involving 35 patients with advanced 
treatment refractory cutaneous T cell lym- 
phoma and mycosis fungoides, E>AB wq IL2 pro- 
duced a 37% response rate including 14% com- 
plete responses.*" 1 Toxicities included fever/chills, 
hypotension, nausea/vomiting and liver enzyme 
abnormalities. A recent trial using a fusion pro- 
tein of a truncated Pscudomorias exotoxin A and 
the Fv-firagmcnt of anti-Tac (LMB-2) showed 
promising early results in patients with 1-2Ru 
expressing lymphoid neoplasms including hairy 
cell leukaemia and ATL." 5 

The field of receptor targeted treatment is 
still in its infancy. No doubt with continued 
improvement of monoclonal antibody technol- 
ogy, refinmencs in linking toxins and radio- 
pharmaceuticals to antibodies and ligands, the 
targeting of the IL2R and other cytokine 
receptors holds great promise as treatment for 
a large number of diverse diseases. 
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